Introduction
The genus Polystachya Hook., described in 1824, received only one monographic treatment so far (Kraenzlin 1926) . Since then, six sections (Summerhayes 1942 (Summerhayes , 1948 Cribb 1978) and a large number of new species have been described. Additionally, recently, some species placed in the traditionally conceived genus Polystachya were placed in separate genera (Mytnik-Ejsmont 2007 , 2008 Mytnik-Ejsmont & Szlachetko 2007a , 2007b , 2008a , 2008b . That made Kraenzlinís (1926) classification unsatisfactory and outof-date. Therefore, there is a need to revise this large and complex genus, which consists of about 230 species. Kraenzlin (1926) established section Affines within the genus Polystachya. It includes about 40 species but it is a highly heterogeneous taxon which is difficult to circumscribe (La Croix & La Croix 1997; Davies et al. 2002) . According to Kraenzlin (1926) and la Croix and Cribb (1998) , it is characterized as follows: (1) small to medium-sized plants with clustered, ovoid to conical, usually erect but occasionally bilaterally compressed and appressed to the substrate, (2) 2-3-leaved pseudobulbs, (3) erect or rarely arcuate, racemose and often densely pubescent (including flowers) inflorescences, (4) conspicuous bracts, fleshy, medium-sized to large for the plant, (5) usually hairy flowers with inconspicuous to somewhat prominent mentum, (6) lateral sepals free or connate only at the base, and (7) three-lobed fleshy and strongly recurved lip. Due to the high polymorphism of the section, its characterization in floras is always full of exceptions, especially in the shape of pseudobulbs, the number of stem nodes or the type of inflorescence. Extracting two species from the group, Polystachya affinis Lindl. and P. bancoensis Van der Burg, makes the section morphologically homogenous. In this paper, it is suggested that both P. affinis and P. bancoensis, reclassified into a new genus, are two very closely related species forming a group morphologically distinct from the rest of the section and from the genus Polystachya. Both species occur in west and westcentral Africa, whereas the remaining species of the section are almost exclusively East African taxa (P. camaridioides Summerh., P. obanensis Rendle, P. reticulata StÈvart & Droissart, and P. testuana Summerh. are the only exceptions, which constitute 12% of all species of the section Affines). The results of molecular analyses of plastid markers presented in this paper and those recently published by Russell et al. (2010) confirm the legitimacy of such a treatment. Considering the morphological and molecular data we therefore suggest transferring P. affinis and P. bancoensis to a new taxon of the generic rank.
To show an isolated position of Chelystachya affinis and C. bancoensis compared to other members of the Polystachya genus, plastid fragments were sequenced: rpl16 intron and rpl32-trnL intergenic spacer. The average length of rpl16 in Polystachyinae is 1000 bp. Data from the rpl16 region has been primarily used for a phylogenetic analysis at the infrageneric and familial levels (Kelchner & Clark 1997; Schnabel & Wendel 1998; Applequist & Wallace 2000) . The average length of rpl32-trnL in Polystachyinae is 650 bp. Shaw et al. (2007) suggest that this is the best region of the 34 regions surveyed for low-level molecular studies. Until now, rpl32-trnL has not been widely used in phylogenetic studies in orchids. Barrett and Freudenstein (2009) used this marker in population study in Corallorhiza Gagnebin. Additionally, to increase the number of molecular characters in phylogenetic analyses, available data for the same set of samples (Russell et al. 2010 ) from plastid genome were used.
The present work is a part of a larger project on the taxonomy of the subtribe Polystachyinae Schltr. (Mytnik-Ejsmont 2007 , 2008 Mytnik-Ejsmont & Szlachetko 2007a , 2007b , 2008a , 2008b Baranow & MytnikEjsmont 2009; Mytnik-Ejsmont & Baranow 2010; .
Materials and methods

Morphological characters
The present study was based on the examination of 125 herbarium specimens from ten herbaria: BM, BR, C, F, K, MA, MO, P, W, WAG. The standard procedure of preparing the herbarium material to facilitate stereomicroscopic observation was applied. The vegetative and generative characters of individual plants were analyzed, the flowers were taken from the middle part of the inflorescence. Particular parts of the flower were boiled, dissected, measured and drawn under a stereomicroscope. The results were then analyzed and compared with the type material, diagnoses and original illustrations. The database of the drawings and photographs of all studied specimens is available in the first authorís archives and are available upon request. For all species and lower taxa, type material was available. The abbreviations of titles are according to those in BPH (Lawrence et al. 1968) , BPH/S (Bridson 2004), TL2 (Stafleu & Cowan 1976 -1982 and TL2/S (Stafleu & Mennega 1992) , the abbreviations of the authorsí names are according to Brummitt and Powell (1992 DNA samples were obtained from the DNA Bank of the Jodrell Laboratory, Royal Botanic Gardens, Kew (http://data.kew.org/dnabank/homepage.html). DNA extractions were performed using a modification of the CTAB protocol (Doyle & Doyle 1987) , followed by purification on caesium chloride/ethidium bromide gradients.
The rpl16 intron and rpl32-trnL intergenic spacer were amplified using primers developed by Shaw et al. (2005 Shaw et al. ( , 2007 . Polymerase chain reaction (PCR) amplifications were carried out in a total volume of 25 µl containing 2.5 µl 10x buffer, 1 µl 25mM MgCl 2 , 1 µl 5mM dNTPs, 0.5 µl of 10µM of each primers and 1 unit of Yellow Perpetual DNA polymerase (Eurx, Poland), and H 2 O. The PCR cycling conditions were template denaturation at 80 . The sequences were generated on an ABI 3720 automated capillary DNA sequencer. Both strands were sequenced to assure accuracy in base calling. Sequence Navigator (ABI) was used to edit the sequences, and the two complementary strands were assembled using AutoAssembler (ABI).
Sequence alignment and phylogenetic analyses
The rpl16 intron and rpl32-trnL intergenic spacer were aligned by eye using SeaView v. 4 (Gouy et al. 2010) . Matrices are available upon request from MG.
An AT-rich region of rpl16 intron (161 bp) was excluded from the analysis because of ambiguous alignment. To increase molecular data, additional DNA sequences obtained from the same DNA sample as in our study (extraction available from RBG Kew) by Russell et al. 2010 were used in phylogenetic analyses. Chelystachya bancoensis (Van der Burg) Mytnik and Szlach. was not presented in Russellís data matrix. Maximum parsimony analysis was undertaken on the combined plastid matrix (rpl16 intron, rpl32-trnL + data matrix rps16-trnK from Russell et al. 2010) using heuristic searches in PAUP* version beta 10 (Swofford 2000) with tree-bisectionreconnection (TBR) branch swapping and the MUL-TREES (holding multiple trees) option in effect with 1000 replicates of random sequence addition. Only 10 trees were saved for each replicate to reduce the time spent in swapping large numbers of suboptimal trees. Standard tree parameters were estimated (tree length, consistency index, CI, and retention index, RI). Internal support of clades was evaluated using non-parametric bootstrapping (Felsenstein 1985) with 1000 replicates and the same settings as above, except for the simple sequence addition. All characters were treated as unordered and as equally weighted (Fitch 1971) .
Results
Molecular data
The parsimony analysis showed 54 most parsimonious trees. Statistics for one of the parsimonious is shown in Table 1 . The strict consensus tree is depicted in the figure 1. The tree topology from the parsimony analysis of combined data shows the newly proposed genus, Chelystachya, to be monophyletic (Bootstrap support (BS) = 100%, Fig. 1 ) and is a sister clade to the rest of the Polystachyinae species (BS: 100%). A support for Chelystachya-Polystachyinae clade is below 50%. Going up the tree, there are several clades successively sister to the Polystachya s.str. clade, the grade of species-poor lineages are: Polystachya ottoniana, Polystachya longiscapa, Dendrobianthe-Neobenthamia clade and Polystachya vaginata-Polystachya goetzeana clade.
Taxonomic treatment and morphological data
Chelystachya Mytnik & Szlach., gen. nov. (Fig. 2 Epiphytic plants up to 50 cm long with a pendent habit. Pseudobulbs 1-5 cm in diameter, single-noded, dorsoventrally compressed, several, elliptic, subspherical or almost transversely elliptic, prostrate on the substratum, apically (1)2-3-leaved, glossy green to dull bluish green, sometimes tinged purple. Leaves 2-28 cm long, 0.7-6 cm wide, bluish green, greyish green to reddish blue with purplish midrib and margins, petiolate; petiole 0.5-14 cm long, narrow, subcylindrical, clasping the scape; blade oblanceolate, oblong-lanceolate, oblong-elliptic to obovate, acute to shortly acuminate. Inflorescence 1.5-40 cm long, laxly 1-28(60)-flowered, pendent, simple or branched, branches 1-5 cm long, peduncle covered with imbricating scarious acute sheaths, peduncle and rachis densely pubescent. Flowers fragrant, densely pubescent, the sepals yellowish green, pale brown to yellow or mustard yellow washed with green and yellow with pale red purplish markings, the petals and the lip yellow, the veins sometimes brownish purple. Floral bracts 3-14 mm long, 3-6 mm wide, ovatelanceolate to transversely ovate or ovate, longacuminate, papery, densely pubescent. Pedicel and ovary 1.6-10 mm long, slender, densely pubescent, more densely than the sepals. Dorsal sepal 5-9 mm long, 2.7-4 mm wide, elliptic-lanceolate, oblong-elliptic to lanceolate-ovate, obtuse to subacute, 5-nerved. Lateral sepals 5-9 mm long, 4.5-7 mm wide, obliquely ovate-triangular, acute or obtuse, slightly cochleate, 4-nerved, reflexed at the apex. Mentum 3-6 mm high, saccate. Petals 4.3-7.5 mm long, 1.6-2.2 mm wide, oblanceolate, oblong-obovate to spathulate, rounded at apex, 3-nerved. Lip 5.2-8 mm long, 3-6 mm wide, strongly Fig. 1 . The strict consensus tree of 54 most parsimonious trees from the analysis of combined plastid data for Polystachyinae. Bootstrap percentages >50 are given for supported clades above branches to slightly recurved, three-lobed just above the middle, sometimes very obscurely pubescent at the base, lowermost due to apical drooping of the peduncle, the disc furnished with an inconspicuous central, fleshy, oblong, and pubescent callus along the mid-nerve between the lateral lobes; the lip nerves directed to its base; the middle lobe 2-3 mm long, 2-3.2 mm wide, oblong-ovate to semi-elliptic, subacute to rounded or retuse, slightly fleshy; the lateral lobes erect, narrowly oblong. Column (a free part of gynostemium) 1-2.7 mm high, semiterete, stout; column foot 2.5-8.5 mm long. Viscidium transversely narrowly-elliptic. E t y m o l o g y : The name derives from Chelys, the Greek word for turtle and is an allusion to the pseudobulbs looking like turtles grouped closely. D i s t r i b u t i o n : Republic of Guinea, Sierra Leone, Liberia, Ivory Coast, Ghana, Nigeria, Chad, Cameroon, Central African Republic, Equatorial Guinea, S"o TomÈ, Gabon, Republic of the Congo, Democratic Republic of the Congo, Angola, Uganda. K e y f o r d e t e r m i n a t i o n o f t h e s p e c i e s . The genus comprises two species, which can be distinguishable in the following key: Epiphytic plants 15-50 cm long. Pseudobulbs 2.5-5 cm in diameter, 1-noded, dorsoventrally compressed, several, subspherical, prostrate on the substratum, 2-3-leaved at apex (weak individuals 1-leaved), glossy green. Leaves 8-28 cm long, 2.6-6 cm wide, bluish green with purplish midrib and margins, petiolate; petiole 3-14 cm long, narrow, subcylindrical, clasping the scape; blade oblanceolate, oblong-lanceolate, oblong-elliptic to obovate, acute to shortly acuminate, coriaceous. Inflorescence 6-40 cm long, laxly 8-28(60)-flowered, most often pendulous, simple or branched, branches 4-5 cm long, peduncle apically drooping, covered with imbricating scarious acute sheaths, peduncle and rachis densely pubescent. Flowers medium-sized, fragrant, densely pubescent, the sepals pale brown to yellow or mustard yellow washed with green and yellow with pale red purplish markings, the petals and the lip yellow, the veins purple. Floral bracts 6-14 mm long, 5-6 mm wide, ovate-lanceolate, long-acuminate, papery, densely pubescent. Pedicel and ovary 3.5-10 mm long, slender, densely pubescent, more densely than the sepals. Dorsal sepal 5.3-9 mm long, 2.7-4 mm wide, elliptic-lanceolate, oblong-elliptic, lanceolate-ovate, obtuse to subacute, 5-nerved. Lateral sepals 6.5-9 mm long, 4.5-7 mm wide, obliquely ovate-triangular, acute or obtuse, slightly cochleate, 4-nerved, reflexed at the apex. Mentum 3.5-6 mm high, saccate. Petals 5.7-7.5 mm long, 1.6-2.2 mm wide, oblanceolate to oblong-obovate, rounded at the apex, 3-nerved. Lip 6.2-8 mm long, 4.7-6 mm wide, recurved, lowermost, obscurely three-lobed just above the middle, pubescent at the base, furnished with a not prominent central fleshy oblong and pubescent callus along the mid-nerve between the lateral lobes, merged with the disc gradually, 1.8-2 mm long; the nerves prominent, directed to the base of the lip; the middle lobe 2-3 mm long, 2.5-3.2 mm wide, oblong-ovate to semi-elliptic, subacute to rounded, slightly fleshy; the lateral lobes erect, narrowly oblong. Column 1 mm high, semiterete, stout; column foot 4-8.5 mm long. (Fig. 2 Dwarf epiphytic plants up to 8.5 cm long. Pseudobulbs 1-2.5 cm long, 0.7-1.5 cm in diameter, dorsoventrally compressed, subspherical to elliptic, prostrate on the substratum, 1-2-leaved at apex, dull bluish green, sometimes tinged purple. Leaves 2-6 cm long, 0.7-1.5 cm wide, bluish green, greyish green to reddish blue with purplish midrib and margins, thin-textured, petiolate; petiole up to 1 cm long, narrow, subcylindrical; blade oblanceolate, lanceolate-elliptic to lanceolateovate, acute to shortly acuminate. Inflorescence 1.5-7 cm long, laxly 1-6(13)-flowered, pendent, simple, sometimes branching, branches 1-2, short; peduncle with 1-2 bracts, apically drooping, rachis flexuous, peduncle and rachis pubescent. Flowers rather small, minutely and densely pubescent outside, yellowish green with pale red purplish markings, the pedicel and ovary purplish red, the base of the anther and the base of the column reddish, and sometimes the lip nerves brownish. Floral bracts 3-5 mm long, 3 mm wide, suborbicular, ovate to transversely ovate, acuminate to tridentate, papery, densely pubescent. Pedicel and ovary 1.6-4 mm long, slender, densely hairy, hairs up to 0.4 mm long. Dorsal sepal 5-6.7 mm long, 3-4 mm wide, elliptic-ovate or oblong-elliptic, obtuse. Lateral sepals 5-6 mm long, obliquely elliptic-to triangular-ovate, subacute or subobtuse, slightly cochleate. Mentum 3-4 mm long, saccate. Petals 4.3-5.7 mm long, 2 mm wide, obovate to spathulate, rounded at apex, glabrous. Lip 5.2-7.3 mm long, 3-3.8 mm wide, obscurely three-lobed, lowermost, fleshy along the mid-nerve, slightly recurved, elliptic to oblong-elliptic in general outline, furnished with an oblong inconspicuous callus in the basal half; the middle lobe 2-3 mm long, 2-2.4 mm wide, semielliptic, retuse to round at the apex, slightly fleshy; the lateral lobes 1-2.2 mm long, porrect, transversely semielliptic. Column 2.7 mm high, column foot 3-3.5 mm long, viscidium transversely narrowly-elliptic. D i s t r i b u t i o n : Liberia, Ivory Coast, Ghana. H a b i t a t : A fully exposed trunk epiphyte on high branches, in humid evergreen forest. Flowering time. November. A l t i t u d e : 0-400 m. R e p r e s e n t a t i v e S p e c i m e n s E x a m i n e 
Discussion
Phylogenetic relationships
The tree obtained in this study (Fig. 1) provides a valuable resolution at the subtribal level, permitting the comparison of the molecular phylogenetic framework with the traditional classification of Polystachya. The results of recent molecular studies conducted by Russell et al. (2010) and our morphological and molecular analyses presented here confirm isolated positions of some taxa being classified within Polystachya till now.
The first clade comprises the complex of two species: Chelystachya affinis (classified as Polystachya affinis) and Chelystachya bancoensis (classified as Polystachya bancoensis). The tree indicates the need to distinguish the P. affinis-group at the generic rank and morphological characters also confirm the status change (see below for detailed discussion). Thus, the newly proposed genus is shown to be monophyletic. The monophyly of the clade formed by the two species of the new genus is well supported.
Another taxon that deserved to be placed in a separate genus is Polystachya longiscapa Summerh., a member of ígrade of species-poor lineageë as it was defined by Russell et al. (2010) . The results obtained by these authors and our phylogenetic tree show the taxon occupies an isolated position within Polystachyinae. The problem with the classification of P. longiscapa was presented by many authors, e.g. Summerhayes (1934), Cribb (1984) and Cribb and King (2006) . Summerhayes (1934) observed that P. longiscapa approaches the remarkable monotypic genus Neobenthamia Rolfe, Cribb (1984) classified the species within the section Dendrobianthe (Schltr.), Mytnik, Cribb and King (2006) noticed the species occupies rather an isolated position within Polystachya. In our opinion, P. longiscapa occupies an intermediate position between Dendrobianthe and Neobenthamia and detailed morphological studies and the results of Russell et al. (2010) confirm the taxon deserves a generic rank. In 2011, Polystachya longiscapa was placed in a separate monotypic genus Neoburttia .
Neobenthamia, representing the next lineage, is a well defined monotypic genus closely related to Dendrobianthe and ÑP. longiscapa cladeî (Neoburttia) and we disagree with Russell et al. (2010) that it should be included within Polystachya. Neobenthamia is sister to Dendrobianthe dendrobiiflora (Rchb.f.) Mytnik but the former genus differs from Polystachya in many aspects (e.g. lack of pseudobulbs, lowermost lip, obscure column foot and mentum, pollinia subsessile on the viscidium) and in our opinion they are two distinct genera. Including Neobenthamia within Polystachya makes the latter genus heterogenic and difficult to define.
Dendrobianthe dendrobiiflora is a species representing one of recently described genera and in the present analysis forms another well supported clade. show the species, being representative of the section Isochiloides Summerh., occupy an isolated position in the tree and it was distinguished as another taxon of generic rank within Polystachyinae Isochilostachya . From closely related Polystachya, the species of Polystachya goetzeana-vaginata clade differ in the structure of foliage, shape and size of leaves and floral bracts, form and length of sepals, lip pubescence and the gynostemium length.
Molecular analyses revealed a striking position of P. ottoniana Rchb.f., the clade being sister to Neobenthamia, Dendrobianthe, Polystachya section Isochiloides and Polystachya s.str. clades. The position of P. ottoniana, a representative of the section Affines Kraenzl., is difficult to explain from a morphological point of view. We examined over forty specimens of the species in details and we cannot find any explanation for such position of P. ottoniana in the tree. In our opinion further detailed studies are needed to resolve the problem.
To sum up, we found that Polystachya s.l., including Neobenthamia, newly proposed Chelystachya, Neoburttia (P. longiscapa), Dendrobianthe, Isochilostachya (P. vaginata-P.goetzeana clade) and other five recently described genera, not present in our analysis because of lack of DNA material [Disperanthoceros Mytnik & Szlach., Epiphorella Mytnik & Szlach., Geerinckia Mytnik & Szlach., Szlachetkoella Mytnik, and Unguiculabia Mytnik & Szlach.], is a heterogeneous taxon, difficult to define. Thus we recognize Polystachya in a narrow sense. Differences between the genera are presented in the key.
Morphological differences between Polystachya and Chelystachya
The representatives of the newly proposed genus Chelystachya are clearly distinct from all the other representatives of Polystachya. They are small to mediumsize plants (up to 50 cm long) with a unique hanging habit (pendent inflorescence) and very characteristic flattened, spherical, and 1-noded pseudobulbs with an apical pendent and densely pubescent inflorescence. The lip is lowermost due to the drooping inflorescence. Such exposure emphasizes colours and patterns to attract pollinators and facilitate pollination (Ernst & Arditti 1994) . The other distinctive feature of Chelystachya is the venation pattern on the lip. The veins are directed toward the lip basal half, not apical part, as in Polystachya.
The species of the Chelystachya are exclusively trunk epiphytes in riverine or rain forests in Africa. They grow on high, mossy or naked branches. They can be found in relatively cool climates where there is high humidity throughout the year. The Chelystachya species grow at sea level up to 1,350 meters a. s. l. and flower from November till February (Hall 1974) .
Unlike Chelystachya, the Polystachya plants are erect plants of various sizes (from 1 cm to more than 1 m high). Polystachya are mainly epiphytic but sometimes also lithophytic or terrestrial plants. Their stems are often thickened at the basal part or the stems are almost entirely thickened. Pseudobulbs are most often narrowly to widely elliptic to cylindrical or conical, laterally compressed, not flattened on the substratum as in Chelystachya. The other characters setting Polystachya apart from Chelystachya are erect to semi-erect inflorescences, flowers with an uppermost lip and the lip venation directed to the apical part of the lip.
The main differences between Chelystachya and Polystachya are presented in Table 2 .
Key for determination of Polystachyinae
The subtribe Polystachyinae presently includes ten genera and they are keyed as follows:
Key for determination of the genera of Polystachyinae Schltr.:
1. Leaves absent at the anthesis.............................. 
The species of Chelystachya
Chelystachya bancoensis and C. affinis are two closely related species. The differences between them were presented by Hall (1974) , who described a Çdepau-perate formí of Polystachya affinis (todayís Chelystachya affinis) in a varietal rank as P. affinis Lindl. var. nana. Six years later, Van der Burg (in Arends et al. 1980) raised the variety to the species rank describing it as P. bancoensis. Until 1974, Chelystachya bancoensis was considered to be a smaller form of C. affinis. But the observations by Hall (1974) and Arends et al. (1980) , during a several year cultivation period, proved the species has retained its distinctive features and no intermediate forms have been found. Both species differ in many ways, especially, in the size of plants and floral bracts and the shape and pubescence of the lip. The main morphological differences are presented in Table 3 . According to Hall (1974) and Arends et al. (1980) , there are also ecological and phenological differences: C. affinis is a shade epiphyte found in very damp areas. It grows on mossy branches, where the climate is relatively cool with high humidity throughout the year and reduced solar radiation because of mist and clouds. The species flowers one or two months after C. bancoensis (Arends et al. 1980) , from late December to February, though, this difference can be caused by ecological differences. C. bancoensis grows fully exposed on the bare bark of high branches in the evergreen forest. It grows at lower altitudes, in a climate with a dry season. C bancoensis can be deciduous; during the dry season it may drop its rather fragile leaves. It flowers in November (Hall 1974 ).
Taxonomic implications
Because Polystachya affinis, the type of Polystachya sect. Affines, is now transferred to the newly established genus Chelystachya, this makes automatically this sectional name a nomenclatural synonym of this new generic name. Consequently, species that are still residual in the genus Polystachya constitute a separate section. Thus, we propose to include them in the formerly existing section Humiles, described by Summerhayes (1942) . Humiles includes the vast majority of the species formerly classified within the section Affines sensu Kraenzlin (1926 
